The past decade has been rich with methodological advancements in systematic reviews, several of which were inspired by the literature on mixed methods research. Systematic mixed studies reviews, i.e., reviews combining qualitative and quantitative evidence, are increasingly popular as they can provide a better understanding of complex phenomena and interventions.
Introduction
Systematic reviews are considered among the best sources of research evidence, are used for decision-making, and are helpful for coping with the rapidly increasing volume of scientific literature (Bunn et al., 2015; Moynihan, 2004) . There has been a call to broaden the scope of systematic reviews and integrate evidence from studies with diverse designs, especially to address the complexity of interventions, implementation, and context (Anderson et al., 2013; Pluye, Hong, Bush, & Vedel, 2016) . Systematic reviews that include qualitative, quantitative and mixed methods studies (hereafter, systematic mixed studies review [SMSR] ) respond to this need (Heyvaert, Hannes, & Onghena, 2016; Pluye & Hong, 2014) .
Because of the heterogeneity in the designs of included studies, SMSRs raise several new challenges related to the syntheses of qualitative, quantitative and mixed methods studies and their integration, and the critical appraisal of the quality of included studies (Gough, 2015; Harden & Thomas, 2005) . Previous work on SMSRs has focused on understanding how quantitative and qualitative evidence could be synthesized and integrated (Frantzen & Fetters, 2015; Heyvaert, Maes, & Onghena, 2013b; Hong, Pluye, Bujold, & Wassef, 2017; Sandelowski, Voils, Leeman, & Crandell, 2012) . However, few papers have addressed the challenges of critical appraisal when the included studies have different designs. This paper focuses on this challenge.
Critical appraisal, the systematic and careful examination of study quality, is an important step in systematic reviews (Burls, 2009; Harden & Gough, 2012) . Currently, there are over 500 critical appraisal tools for various study designs (Bai, Shukla, Bak, & Wells, 2012; Deeks et al., 2003; Katrak, Bialocerkowski, Massy-Westropp, Kumar, & Grimmer, 2004; West et al., 2002) , but there is no clear guidance regarding which tool and approach to use, nor how or why to use them. This is may be due to a lack of conceptual clarity of what 'critical appraisal' means and what is appraised. This paper addresses this knowledge gap by providing a conceptual framework to better understand the components of critical appraisal in SMSRs. We have organized this paper into three main parts. The first provides a definition of SMSRs. The second presents a framework illustrating the different components involved in the critical appraisal process as well as some challenges and debates encountered in SMSRs. The third addresses the implications of the framework and suggests avenues for future research. 
Systematic Mixed Studies Reviews
Definition SMSR follows the principles of mixed methods research (Heyvaert et al., 2016; Pluye & Hong, 2014) . In primary research, mixed methods research is often defined based on its core characteristics; that is, the combination of elements of qualitative and quantitative research approaches, namely research question, research design, data collection, data analysis, and results (Creswell & Plano Clark, 2011; Johnson, Onwuegbuzie, & Turner, 2007 (Pluye & Hong, 2014) .
Applied to secondary research (i.e., literature reviews), the same components of this mixed methods definition can be found with slight differences in the terminology: (a) qualitative and/or quantitative review questions, (b) qualitative and/or quantitative synthesis designs, and (c) techniques for extracting and synthesizing qualitative and quantitative data, and (d) qualitative findings and quantitative results of the synthesis. SMSR has been defined as a systematic literature review conducted by a team of researchers that includes qualitative, quantitative, and/or mixed methods studies, and uses qualitative and/or quantitative synthesis methods (Heyvaert et al., 2016; Pluye & Hong, 2014) . The term "systematic" means that the review uses an explicit, transparent, and reproducible process with (a) specific review question (s) and precise study eligibility criteria; (b) a comprehensive set of information sources, and an exhaustive search strategy designed with specialized librarians; (c) a reliable or dependable (performed by at least two researchers) selection of relevant studies, data extraction, and critical appraisal; and (d) a rigorous synthesis (Pluye et al., 2016) .
Two Levels of Integration
Integration can occur at two levels in SMSRs (Figure 1 ) (Heyvaert et al., 2013b) . The first possible level of integration occurs during the selection of studies. A SMSR focuses on synthesizing quantitative and qualitative evidence and includes any combination of qualitative, quantitative, and/or mixed methods studies (see check marks in Figure 1 ).
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The second possible level of integration occurs during the synthesis, i.e., when the extracted data from the included studies are brought together using synthesis methods (Mays, Pope, & Popay, 2005) . In SMSRs, there are multiple synthesis method options (Hong et al., 2017) . As illustrated in Figure 1 , the synthesis methods in SMSRs can be qualitative, quantitative, or mixed.
Figure 1. Integration of Studies and Integration of Synthesis Methods in Systematic Mixed
Studies Reviews SMSRs using qualitative synthesis methods will provide a summary or interpretation of data to generate outputs such as themes, concepts, or theories. Several qualitative synthesis methods have been developed such as thematic synthesis, framework synthesis, meta-narrative 5 synthesis, meta-ethnography, and critical interpretive synthesis (Barnett-Page & Thomas, 2009 ). Markoulakis and Kirsh (2013) provide an example of a SMSR using qualitative synthesis. They used critical interpretive synthesis (i.e., reciprocal translational analysis, lines of argument synthesis, and refutational synthesis) to develop a theory of difficulties faced by students with mental health issues in the university setting.
SMSRs using quantitative synthesis methods will provide numerical data and summaries of variables of interest of included studies. Basic and advanced meta-analysis methods (e.g., meta-regression and Bayesian synthesis) (Sutton & Higgins, 2008) are well known examples. Roberts, Dixon-Woods, Fitzpatrick, Abrams, and Jones (2002) provide an illustration of a Bayesian synthesis used in a SMSR of factors affecting uptake of childhood immunization. In this review, to establish prior probabilities, the authors transformed the data from the included qualitative studies into quantitative data using quantitative content analysis. Then, these prior probabilities were combined with the results of the included quantitative studies to calculate probabilities that factors might affect immunization uptake.
The synthesis is considered mixed in SMSRs when both quantitative and qualitative synthesis methods are used. For example, Thomas et al. (2004b) conducted a review on the consumption of fruits and vegetables intake among children in which they performed a metaanalysis of controlled trials of the effectiveness of interventions and a thematic synthesis of studies about children's views. Then, the findings of both syntheses were juxtaposed in a matrix to identify interventions that matched the children's views and to further explore if these interventions were more effective.
Critical Appraisal
Critical appraisal is usually performed in systematic reviews to identify the strengths and weaknesses of studies, to determine how much confidence to have in the findings, and to ensure that the recommendations and conclusions properly reflect the quality of evidence reviewed, using sensitivity analysis, for instance; i.e., the comparison of results of lower vs. higher quality studies (Booth, Papaioannou, & Sutton, 2012) . Different terms have been used to designate this construct, such as quality appraisal, quality assessment, validity assessment, and assessment of risk of bias (Higgins & Green, 2008) . Hereafter, we will use critical appraisal to encompass all of these terms. To better understand critical appraisal, we looked at how this construct has been 6 defined in literature on systematic reviews and how the critical appraisal process was performed in a sample of 459 SMSRs selected in a review of SMSRs (Hong et al., 2017) . We compared the different definitions to highlight the commonalities and differences, and to identify the main components. We synthesized our findings into a conceptual framework. That is, we generated a representation of the interrelated constructs that provide a comprehensive understanding of a phenomenon (Jabareen, 2009) . Figure 2 presents the conceptual framework illustrating the process of critical appraisal in SMSRs including three main components: studies, papers and review. Based on this framework, critical appraisal in SMSRs can be defined as: a process related to judging the quality of qualitative, quantitative and mixed methods studies reported in research papers. In this process, three main dimensions of quality can be appraised: methodological, conceptual, and reporting.
The purposes and choice of dimensions of quality to judge will vary depending on the objectives and synthesis method(s) adopted in a given review. 
The Quality of Quantitative, Qualitative and Mixed Methods Studies
The first component in the framework is studies, represented by spheres (Figure 2 ). Since the unit of synthesis in SMSRs is studies, the judgment made concerns two dimensions of quality: methodological (trustworthiness) and conceptual (insightfulness). Depending on the research designs of the included studies and the review objectives, the criteria used to appraise the methodological and/or conceptual quality will vary.
Methodological quality.
Methodological quality is concerned with how a study is conducted. It is usually related to the construct of trustworthiness: is a study good enough for the results to be trustworthy? The judgment made about the trustworthiness of a study is typically related to the methodology and methods used and how biases were minimized (Higgins & Green, 2008; West et al., 2002) .
There are two main approaches to appraising methodological quality of studies. In the first approach, studies are ranked based on their designs, with the assumption that some designs produce more credible inferences than others (Wells & Littell, 2009) . In this approach, the methodological quality is conceived of as excellence. That is, quality studies meet the highest methodological standards that can yield results closer to the most plausible value. This approach is named the hierarchy of evidence or design hierarchy approach, in which systematic reviews with meta-analysis and randomized controlled trials are considered the best source of evidence (Wells & Littell, 2009 ). This approach is problematic in SMSRs since qualitative studies are excluded from the hierarchy of designs (Dixon-Woods et al., 2006) .
A second approach used to appraise methodological quality of studies is associated with the absence of threats to validity (or risk of bias); the fewer threats or risks, the more trustworthy the results of the study. This threats-to-validity approach differs from the previous one by considering the specific features of a study design rather than contrasting these features with gold standards (Wells & Littell, 2009) . One challenge when using this approach in SMSRs concerns the dimensions of trustworthiness that should be appraised. Table 1 presents different dimensions of trustworthiness that can be considered. In several critical appraisal tools, methodological quality refers to the internal validity of a study (Bai et al., 2012) . For example, the Cochrane Risk of Bias Tool (Higgins et al., 2011 ) and the Newcastle-Ottawa Scale (Wells et al., 2000) include criteria that focus on how well a study was done to minimize bias. However, some tools suggest appraising other types of validity such as external validity (Dyrvig, Kidholm, Gerke, & Vondeling, 2014) . There are still diverging views on whether the appraisal should be limited to one or several types of validity and which types are the most important to appraise in SMSRs. Heyvaert et al., 2016) Another challenge in SMSRs is evaluating and comparing the quality of studies from different epistemological and methodological traditions. As presented in Table 1 , the dimensions of trustworthiness differ for quantitative and qualitative research. For mixed methods studies, the qualitative and quantitative components are combined to produce an integration that is greater than the sum of each component (Fetters & Freshwater, 2015) . This might preclude the use of a single critical appraisal instrument for all included studies in SMSRs. There remains a lack of consensus on how critical appraisal should be performed and what criteria should be used, especially for qualitative and mixed methods studies (Carroll & Booth, 2015) . Reviews on the quality in mixed methods have identified up to 13 different checklists for appraising mixed methods studies (Heyvaert, Hannes, Maes, & Onghena, 2013a ) and 19 quality criteria (Fàbregues & Molina-Azorín, 2017) . From our review on SMSRs, we identified four main approaches that were used for appraising the quality of mixed methods studies. One approach is to use specific criteria for the quantitative and qualitative components of the studies. To exemplify, several
SMSRs used different tools such as the CASP tool for qualitative studies (Critical Appraisal Skills Programme (CASP), 2017) and the Effective Public Health Practice Project (EPHPP) tool for quantitative studies (Thomas, Ciliska, Dobbins, & Micucci, 2004a) . A second approach is to use generic criteria that could be applied to all studies, such as the assessment form suggested by Hawker, Payne, Kerr, Hardey, and Powell (2002) . A third approach consists of using specific criteria for mixed methods studies. For example, some used the Mixed Methods Appraisal Tool (MMAT) that includes qualitative, quantitative, and mixed methods criteria (Pluye et al., 2011) .
A final approach is to appraise only the dominant component (qualitative or quantitative) of a mixed methods study.
Conceptual quality. Conceptual quality is defined as how clearly a concept is articulated to facilitate theoretical insight (Toye et al., 2013) . This dimension of quality is related to insightfulness: does the study provide a clear, rich, and deep understanding of a phenomenon?
This dimension has been explored in a study on the process of critical appraisal of qualitative studies (Toye et al., 2013) . The authors found that conceptual clarity was an important dimension of quality used by reviewers to determine the inclusion of qualitative studies in a review using meta-ethnography. This dimension is linked with clarity but also with depth of description providing rich insight into a concept (Toye et al., 2013) . Some reviews have also used this dimension of quality to appraise quantitative studies. For example, Beauregard, Marchand, and Blanc (2011) were interested in clarifying a construct in their review and appraised the conceptual quality of observational longitudinal studies using two criteria (i.e., analytical breadth and depth).
Conceptual quality is usually mentioned in systematic reviews interested in generating new understanding of a phenomenon. In these reviews, authors argue that too much emphasis on methodological rigor can limit the insight that could be gained from included studies (Sandelowski, 2000) . Campbell et al. (2011) observed an inverse correlation between methodological and conceptual quality (i.e., papers providing good conceptual insight are generally of low methodological quality) that they explained, in part, due to the inadequate reporting of qualitative research methods. They suggest limiting methodological quality appraisal to a few screening criteria that allow identifying and excluding fatally flawed papers and focusing on papers that are conceptually useful for the synthesis (Campbell et al., 2011; Dixon-Woods et al., 2006) .
The Quality of Research Papers
The second component of the framework is research papers, represented by boxes (Figure 2 ). Research papers can take several forms such as a journal article, dissertation, or
report. The quality of how a research paper reports a study (reporting quality) varies widely depending on the authors and the structure of each form (e.g., journal articles are more concise than dissertations). This influences reviewers' judgment of the methodological and conceptual quality of a study.
Reporting quality. Reporting quality is related to the extent to which a paper "provides information about the design, conduct, and analysis of a study" (Huwiler-Müntener, Jüni, Junker, & Egger, 2002 , p. 2801 ). This quality dimension is linked with the constructs of transparency, accuracy, and completeness (Simera et al., 2010) . These constructs can be defined as the extent to which a paper provides clear, detailed, and easy to understand information about a study (transparency), provides correct and true information (accuracy), and includes sufficient information (completeness) to allow readers to understand a study (Hornby, 2000; Simera et al., 2010) . Over the past decade, more than 90 guidelines have been developed to provide standards for reporting research (Simera et al., 2010) . These guidelines focus on issues that might introduce bias into a given study, and thus need to be reported such that readers can judge the quality of that study (Simera et al., 2010) . In our review of SMSRs, several reporting guidelines have been used for critical appraisal such as the CONSORT statement for randomized controlled trials , the STROBE statement for observational studies (von Elm et al., 2007) , the COREQ for qualitative studies (Tong, Sainsbury, & Craig, 2007) , and TREND statement for non-randomized designs (Armstrong et al., 2008) .
Opposing views regarding the use of reporting quality in systematic reviews remain. On the one hand, some are against the use of reporting quality in systematic reviews, especially when used as a surrogate for appraising methodological quality (Higgins & Green, 2008; Wells & Littell, 2009 ). It was found that using reporting quality as a proxy measure for methodological quality could lead to the misinterpretation of study quality (Huwiler-Müntener et al., 2002) .
Thus, the results, recommendations and conclusions of a review should be consistent with what was appraised.
On the other hand, reviewers have argued that reporting quality and methodological quality are related since a poorly reported paper will hinder the proper assessment of the 11 trustworthiness of a study (Carroll, Booth, & Lloyd-Jones, 2012 ). Reporting quality criteria are said to be easier to judge and less prone to subjectivity (Carroll et al., 2012) . Carroll et al. (2012) tested the effect of excluding papers solely based on the adequacy of their reporting using four criteria (pertaining to information provided on the question and study design, selection of participants, methods of data collection, and methods of analysis). They found that excluding inadequately reported papers had no meaningful impact on the results of a review. They suggest appraising reporting quality in a first step to exclude inadequately reported papers and then appraising the methodological quality of the remaining studies.
The Purposes of Critical Appraisal in SMSRs
A third component of the framework is the review process, represented by a funnel (Figure 2 ). In the review process, studies/research papers are identified through databases and other sources, selected using clear eligibility criteria, appraised, and synthesized. In our review of SMSRs, several reasons were provided for performing critical appraisal such as to describe the quality of the papers retained, to exclude papers of low quality or fatally flawed, to do a sensitivity analysis, to guide and strengthen the interpretation of study findings, and to explain differences in study results. These results can be grouped into three main purposes for performing critical appraisal in SMSRs.
The first purpose is for the selection of papers. A threshold approach has been suggested in which only studies meeting a predefined cut-off value of quality are retained (Gough, Thomas, & Oliver, 2012) . Other approaches focus on conceptual quality in order to judge the utility, relevance, worth or value of each study, and include only studies meeting minimum criteria of scientific rigor (Pawson, Greenhalgh, Harvey, & Walshe, 2005) .
The second purpose is descriptive. That is, the results of the critical appraisal are used to describe the quality of the studies included in a review. This can contribute to understanding how much readers may trust the results, identifying knowledge gaps, and making recommendations for future research . For this purpose, the appraisal focuses mainly on methodological quality.
The third purpose is related to the synthesis and interpretation of papers. Different strategies have been suggested as alternatives to excluding low methodological quality papers.
One strategy is to use a weighting approach in which less weight is given to papers of low quality during the synthesis and interpretation of results . Another suggested strategy is to perform a sensitivity analysis based on the results of the critical appraisal.
Sensitivity analysis consists of repeating an analysis by removing the studies that failed to achieve a pre-defined quality threshold (Carroll & Booth, 2015) . If results differ based on the quality of studies, the conclusions of the review should be nuanced, with more importance placed on the results from higher-quality studies.
In summary, in our analysis of the literature on critical appraisal and SMSRs, we identified three main dimensions of quality (methodological, conceptual, and reporting) that are summarized in Table 2 . These dimensions are related to different components: studies and research papers. Although these two components are closely linked, we found it necessary to present them separately since they address different dimensions of quality. That is, methodological and conceptual qualities are associated with studies, whereas, reporting quality is related to research papers. Distinguishing these dimensions in a review process is important since it will influence the review results and recommendations. Is the hypothesis/aim/objective of the study clearly described?
* Examples from: Downs and Black (1998) and Toye et al. (2013) .
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Different Quality Dimensions Used Based on the Objectives of SMSRs
A variety of synthesis methods have been developed for SMSRs to address different objectives (Tricco et al., 2016) . We used the components of our framework to understand the differences in critical appraisal approaches used in various SMSRs. The following presents three main review objectives and the dimension of quality addressed for each (Table 3) .
One objective of SMSRs can be to test hypotheses by using aggregative synthesis approach such as meta-analysis. The questions may concern, for example, understanding the magnitude of a problem, testing the effectiveness of an intervention, or highlighting the association between factors. One or several predetermined critical appraisal tools are generally used to estimate bias that could lead to drawing misleading conclusions .
Thus, the appraisal will mainly focus on the methodological quality of studies.
A second objective consists of interpreting and arranging the results of studies to generate new ways of understanding a subject and articulate new concepts or theories. To achieve this objective, configurative synthesis (or interpretive) approaches are usually used . In this type of review, there is no consensus regarding how the critical appraisal should be performed. Appraisal processes range from using the tools employed in the aggregative synthesis approach to focusing on study relevance and contribution to generating new understanding, rather than the methodological quality (Barnett-Page & Thomas, 2009 ). For example, in critical interpretive synthesis, Dixon-Woods et al. (2006) propose excluding papers that are deemed fatally flawed according to five quality criteria that cover reporting (e.g., are the aims and objectives of the research clearly stated?) and methodological (e.g., is the method of analysis appropriate and adequately explicated?) quality. On the other hand, in meta-narrative synthesis, Greenhalgh et al. (2005) suggest appraising the validity and relevance of primary studies using criteria within their respective research traditions.
A third objective is found in realist synthesis that is interested in understanding narrative causation using middle range theories (Jagosh et al., 2014) . This synthesis approach seeks to explore and contextualize a complex intervention in multiple social settings and to answer the following question: "what is it about this kind of intervention that works, for whom, in what
circumstances, in what respects and why?" (Pawson et al., 2005) . This synthesis approach involves an ongoing iterative interpretive process that uses abductive reasoning; i.e., hunches 14 about conditions and outcomes can be incorporated in the synthesis (Jagosh et al., 2014) . The appraisal in realist synthesis is more interested in the merit of each paper for the purpose of identifying/testing the middle range theory. Papers are appraised based on the minimum criteria of relevance (i.e., whether the study contributes to theory building and/or testing) and rigor (i.e., whether the method used is credible) (Pawson et al., 2005) . 
Discussion
The critical appraisal process in SMSRs is complex due to the heterogeneity of studies designs included. We found the literature on critical appraisal to be disparate, lacking consensus, and subject to multiple debates. There are various definitions of research quality but no agreement regarding what quality is. Also, it is not always clear why critical appraisal is performed, nor is consensus on how to perform it. There exists a wide variety of critical appraisal tools and approaches as well as debate regarding the appropriate expertise required for appraising studies.
To help reviewers deal with this complexity, this paper provides a conceptual framework of critical appraisal in SMSRs in which three components and dimensions of quality are described ( Figure 2 ). The three dimensions of quality (methodological, conceptual, and reporting) are intertwined in the critical appraisal process. For example, inadequate reporting will preclude a proper appraisal of the methodological and conceptual qualities of studies, selective reporting can be a source of methodological bias, and clear and concise definitions of constructs are fundamental for empirical testing (Higgins & Green, 2008; Simera et al., 2010; Suddaby, 2010) . This suggests that multidimensional approaches to critical appraisal could be considered when performing a SMSR. How such approaches can be used needs to be explored further.
The critical appraisal process in SMSRs can be illustrated by the analogy of a courtroom trial where the three components described in Figure to the judge and jury (review). The way the evidence is 'packaged' can greatly influence the judgment made.
Several future research avenues may be pursued on the critical appraisal process in SMSRs. First, the framework needs to be validated with a group of experts to determine if other dimensions of quality are addressed in SMSRs, and to refine the dimensions. Second, there is a need to explore the interdependencies between the methodological, conceptual, and reporting dimensions of quality and how they influence the appraisal. Third, there is much debate around appraising methodological quality. It is necessary to test which criteria (for qualitative, quantitative, and mixed methods studies) have significant impact on review recommendations and conclusions. Fourth, an analysis of how the available critical appraisal tools and approaches fit within this framework could be performed. This analysis could lead to proposing a typology of tools and approaches, which will provide guidance for reviewers in selecting the most appropriate one for their reviews. Finally, improving our understanding of how criteria differ among studies from different epistemological and methodological traditions is needed.
Conclusion
The lack of conceptual underpinnings of critical appraisal in SMSRs is a source of multiple debates and inconsistency in the terminology and approaches used. We focused on what critical appraisal is, why the definition of quality varies, and how the findings of critical appraisal can be used. Another important question needs to be addressed: How should the critical appraisal of quantitative, qualitative and mixed methods studies be performed? The proposed framework is an essential first step to help answer this question.
